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PROBLEM TO BE SOLVED: To obtain a light emitting device having an 
excellent external quantum efficiency by forming an electrode constituted 
of a first layer composed of a light transmitting metallic thin film and a 
second layer composed of a transparent conductive film containing an 
oxide on the surface of a p-type nitride semiconductor layer. 
SOLUTION: After Pd is vapor-deposited on almost the entire surface of a 
p-type GaN layer as a first layer 10, a second layer 1 1 composed of ITO is 
vapor-deposited on the first layer 10 and a light transmitting electrode is 
formed by alloying parts of the first p-layer 10 and second layer 1 1 in a 
state where the constituents of layers 10 and 11 are united together. 
Consequently, the electrode side can be constituted as an emitted light 
observing surface, because an electric current can be spread uniformly 
throughout the player and the p-layer can transmit light. Therefore, the 
light emitted from an active layer can be fetched effectively. Moreover, 
since the electrode has an excellent ohmic property against the p-layer, in 
addition, a practical light emitting device having a low Vf can be obtained. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The nitride semi-conductor light emitting device characterized by forming the electrode with which p mold 
nitride semi-conductor layer consists of the first layer which becomes the front face of said p mold nitride semi- 
conductor layer from the metal thin film of translucency in the nitride semi-conductor light emitting device which it comes 
to form in the maximum front face, and the second layer which consists of transparence electric conduction Film 
containing an oxide. 

[Claim 2] The nitride semi-conductor light emitting device according to claim 1 characterized by the thickness of said first 
layer being 500A or less. 

[Claim 3] The nitride semi-conductor light emitting device according to claim 1 or 2 characterized by consisting of the 
metal or alloy which was chosen from the group which said first layer becomes from nickel (nickel), platinum (Pt) palladium 
(Pd). a rhodium (Rh), a ruthenium (Ru), an osmium (Os), and iridium (Ir), and which contains a kind at least. 
[Claim 4] A nitride semi-conductor light emitting device given in any 1 term of claim 1 characterized by consisting of an 
oxide which was chosen from the group which said second layer becomes from zinc (Zn), an indium (In), tin (Sn), and 
magnesium (Mg), and which contains a kind at least thru/or the claims 3. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the electrode of a light emitting device with which light emitting devices, 
such as LED to which it comes to carry out the laminating of the nitride semi-conductor (InXAIYGal-X-YN, 0 <=X, 0<=Y, 
X+Y<=1). were started, especially p mold nitride semi-conductor layer was formed in the maximum front face. 
[0002] 

[Description of the Prior Art] Blue LED and green LED using current and a nitride semi-conductor (InXAIYGa1-X~YN, 0 
<=X, 0<=Y, X+Y<=1) are put in practical use. The fundamental structure of such LED on a transparent insulating substrate 
For example, n mold nitride semi-conductor layer which consists of n mold AIYGa1-YN (0<=Y<=1) (henceforth n layers), 
The barrier layer which consists of InXGa1-XN (0< X<=1), and p mold nitride semi-conductor layer which consists of p 
mold AI2Ga1-ZN (0<=2<=1) (it is hereafter called p layers.) It has terrorism structure to the double by which the 
laminating was carried out to order. Since this LED cannot take out n electrode from a substrate side, it considers as the 
so-called flip chip format which takes out n electrode and p electrode from the same side side. A luminescence 
observation side side has many by which the electrode, i.e., p mold nitride semi-conductor layer, side is made the 
luminescence observation side, although the substrate also becomes a side someday a substrate and electrode side since 
it is transparent. 

[0003] In order to take out luminescence of a barrier layer outside, the electrode which consists of a metal of 
translucency is prepared in p layers which become a luminescence observation side side. Moreover, we showed the light 
emitting device by which the metal electrode of translucency was prepared in the front face of p layers in JP,6-314822,A. 
However, in the metal electrode of the conventional translucency, the permeability of the electrode to blue and green light 
was bad, and was not what it can still be satisfied with external quantum efficiency of enough. 

[0004] By the way, the electrode used for the light emitting device which consists of semiconductor materials, such as 
LED, needs to acquire the semiconductor material and desirable ohmic contact also in order to reduce forward voltage. 
Also in said LED, desirable ohmic contact has been acquired with the electrode which contains Ti and aluminum in n 
layers, and the electrode which contains nickel and Au in p layers. 

[0005] In addition, the tin oxide, indium oxide, and a zinc oxide are shown in JP,5-55631,A as an electrode material formed 
in a nitride semi-conductor. However, the ingredient shown in this official report is an electrode formed in the nitride 
semi-conductor of i (insulater) mold which doped acceptor impurity, and are not desirable ohmic **************** and 
the electrode formed in p layers. Moreover, although Ag, Au, Pt, Ir, Pd, Rh, etc. are stated to JP.5-31 5647.A as a desirable 
electrode formed in p layers, only Au electrode is prepared in i layers of the light emitting device of the metal-insulator- 
semiconductor structure instead of p mold in fact. 
[0006] 

[Problem(s) to be Solved by the Invention] Crystal growth is a very difficult ingredient and, as for p layers, it is more 
nearly actual than before that the physical properties are not yet solved well, either. Even if LED which has p-n junction is 
realized, the electrode formed in p layers also has many points which should still be improved, p more layers and 
concordance are good and the electrode material excellent in many properties is called for. Moreover, improvement in 
external quantum efficiency is desired in LED. Therefore, the place made into the purpose of this invention is by offering 
the new electrode of p layers useful as a light emitting device to realize the light emitting device excellent in external 
quantum efficiency. 
[0007] 

[Means for Solving the Problem] The light emitting device of this invention is characterized by forming the electrode with 
which p mold nitride semi-conductor layer consists of the first layer which becomes the front face of said p mold nitride 
semi-conductor layer from the metal thin film of translucency, and the second layer which consists of transparence 
electric conduction film containing an oxide in the nitride semi-conductor light emitting device which comes to carry out a 
laminating to the maximum front face. 

[0008] Furthermore in the mode of this invention, it is characterized by the thickness of the first layer being 500A or less. 
If it is made thickness 500A or less, the translucency of the first layer will become very good. 

[0009] Moreover, it is characterized by consisting of the metal or alloy which was chosen from the group which the first 
layer becomes from nickel (nickel), platinum (Pt) palladium (Pd), a rhodium (Rh), a ruthenium (Ru), an osmium (Os), and 
iridium (Ir) and which contains a kind at least, p type layer and desirable ohmic contact are acquired, and these metals or 
alloys can acquire still more desirable ohmic contact if nickel and/or Pd are made into the side which touches p layers in 
the first layer also especially in it 

[0010] Moreover, in this invention, it is characterized by consisting of an oxide which was chosen from the group which the 
second layer becomes from zinc (Zn), an indium (In), tin (Sn), and magnesium (Mg) and which contains a kind at least. 
Specifically, ZnO, In 203, Sn02, ITO (oxide of In and Sn), MgO, etc. can be mentioned. 
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[001 1] In the light emitting device of this invention, vacuum evaporationo, a spatter, etc. can use usual gaseous-phase film 
production equipment for forming the first layer and the second layer. The first layer is the metal thin film of translucency. 
For making a metal thin film into translucency, it is possible by control of the thickness of for example, a metal thin film. 
Although the thickness which becomes translucency changes also with metaled classes, it can be made into translucency 
by usually making it thickness 0.1 micrometers or less. It has the outstanding translucency with little absorption of 
luminescence of the first layer by making it still more preferably thickness 200A or less below 500A (0.05 micrometers) 
preferably. In addition, translucency means that an electrode penetrates the luminescence wavelength of a light emitting 
device, and does not necessarily mean colorless transparence. 

[0012] As long as the first layer is the ingredient which can form the thin film of translucency with the metal used as the 
electrode of p layers, what kind of ingredient is sufficient, but especially the metal or alloy that was chosen from the group 
which consists of nickel, Pt Pd, Rh, Ru, Os, and Ir and that contains a kind at least is useful, when p layers and desirable 
ohmic contact are acquired and the forward voltage of a light emitting device is lowered, near 360nm - 650nm of the light 
emitting device which will consist of a nitride semi-conductor if nickel and/or Pd are made into the side which touches p 
layers also especially in it — there is little absorption with a wavelength of 380nm - 560nm, and since it excels also in 
ohmic nature, it is desirably the most desirable. Moreover, it is good also considering this first pass as a laminated 
structure of said metal. If an electrode is behind processed by thermal annealing in the case of a laminated structure, an 
electrode material will be in the condition of having alloyed in complete harmony in the first pass. 

[0013] The second layer is formed on the first layer and makes resistance of the whole electrode low. Therefore, let the 
second layer be the transparence electric conduction film containing an oxide. Although there are many classes of the 
transparence electric conduction film containing an oxide, it is desirable to form the low transparence electric conduction 
film of resistance containing oxides, such as Zn, In, Sn, Mg, etc. which are especially shown preferably by ZnO, In 203, 
Sn02, ITO (oxide of In and Sn), MgO, etc. Especially the thickness of the second layer which consists of this transparence 
electric conduction film cannot be limited, and can be formed by the thickness of several angstroms - several 
micrometers. 

[0014] The light emitting device of this invention can create the crystal of a nitride semi-conductor by growth and 
carrying out a laminating on a substrate using vapor growth equipments, such as MOVPE (metal-organic chemical vapor 
deposition), HDVPE (halide vapor growth), MBE (molecular-beam vapor growth), and MOMBE (organic metal molecular- 
beam vapor growth). Although sapphire (aluminum 203), ZnO, a spinel (MgAI 204), SiC, Si, GaN, etc. are used for a 
substrate, generally sapphire and SiC are used in many cases. A laminating is carried out so that the laminating of the p 
layers may be carried out and p layers may become the maximum front face on n layers fundamentally as a laminated 
structure, and it considers as the structure which can form an electrode in p layers on this front face of the maximum. 
The light emitting device of the heterojunction which specifically has p-n junction and which passes and has terrorism 
structure and pin junction etc. is mentioned. The nitride semi-conductor of n mold can grow, if donor impurities, such as 
Si, germanium, and Se, are doped. On the other hand, the nitride semi-conductor of p mold can grow by doping acceptor 
impurity, such as II group elements, such as Mg and Zn, and C, in a nitride semi-conductor. For example, although there 
are some which show p mold property even if it does not carry out processing of what after growth when the nitride semi- 
conductor which doped acceptor impurity using the MOVPE method is grown up, by performing annealing processing above 
400 degrees C comes to show still more desirable p mold property preferably. In addition, in p mold, it is the nitride semi- 
conductor which doped acceptor impurity, and the semi-conductor which resistivity shows 103 or less ohm-cm is said. 
[0015] 

[Function] Drawing 1 is a graph which shows the current potential property of the various electrodes formed in p layers. 
After forming concretely only the first layer described below on p layers, or after forming the first layer and second layer, 
the ohmic nature to p layers of the electrode is investigated by annealing above 400 degrees C, forming an electrode, and 
measuring the current potential property of the electrodes of the same class. Moreover, drawing 2 is a graph which shows 
the permeability of the translucency electrode shown in drawing 1 . The electrode is as follows. 
[0016] 

A: The translucency electrode which formed Pd in the first layer by 40A thickness. 

B: The translucency electrode C which formed Rh in the first layer by 40A thickness : the translucency electrode which 
formed in the first layer by 10A, and formed ZnO in the second layer for Pd by 500A thickness. 

D: The translucency electrode which formed in the first layer by 10A, and formed In 203 in the second layer for Pd by 
500A thickness. 

E: The translucency electrode which formed in the first layer by 60A, and formed Au in the second layer for nickel by 200A 
thickness. 

[001 7] As shown in drawing 1 , when Pd (A) is made into the side which touches p layers, it shows very good ohmic 
nature. In addition, the more the thickness of Pd becomes thin, the more the inclination of A line is in the inclination which 
becomes small. On the other hand, once, although Rh (B) shows ohmic nature, compared with other A, CDs, and E, contact 
resistance is large [ Rh ]. In addition, since the element of other platinum groups, such as Ru, Os, and Ir, showed the same 
inclination as B line, it is omitted. Next, the electrode (C) which formed Pd in the eye and formed ZnO in the bilayer eye 
further, and the electrode (D) which formed Pd in the eye and formed In 203 in the bilayer eye further show good ohmic 
contact Since this inclination was the same also as ITO, Sn02, or MgO, it omits the second layer. Moreover, its 
permeability is bad although the electrode (E) which formed nickel in the eye and formed Au in the bilayer eye further 
shows good ohmic contact This is described later. In addition, since the inclination as E lines for the electrode which 
formed nickel and Pt in the first pass eye about ohmic nature to be also the same was shown, it omits. 
[0018] Moreover, although drawing 2 shows the permeability of each electrode, the electrode (E) containing conventional 
nickel-Au has the bad permeability applied to the purple which is the description of luminescence of a nitride semi- 
conductor light emitting device - a green field. On the other hand, since the permeability of the electrodes C and D 
concerning the light emitting device of this invention is very excellent compared with E, it can raise the external quantum 
efficiency of a light emitting device. Moreover, since the translucency electrode which becomes only a first pass eye from 
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elements, such as the elements Pt. Ru, Os, and Ir of other platinum groups, shows A, B line, and similar permeability, it is 
omitted. 

[0019] In the light emitting device which uses p layers as the maximum front face, if the electrode formed in p layers does 
not interrupt luminescence, the external quantum efficiency of a light emitting device improves. Then, the external 
quantum efficiency of a light emitting device improves by forming in the front face of p layers the electrode which consists 
of the first layer which consists of a metal thin film of translucency with sufficient permeability, and the second layer 
which consists of transparence electric conduction film containing an oxide with sufficient permeability. 
[0020] Furthermore, although the first layer as a good electrode of translucency can be formed as the thickness of the 
first layer is 500A or less, it is in the inclination for the seeds resistance to p layers of an electrode to become large, by 
making thickness of the first layer thin gradually. In this invention, it can prevent that the thickness of the electrode as the 
whole becomes thick and resistance becomes large by forming the second layer which is the transparent electric 
conduction film on the first layer. And since translucency has been maintained as the whole electrode, luminescence is 
taken out efficiently outside. 

[0021] Furthermore, since p layers and desirable OMIKKU are obtained also in the condition of having made thickness thin 
by considering as the metal or alloy which was chosen from the group which becomes the first layer from nickel. Pt, Pd, 
Rh, Ru, Os, and Ir and which contains a kind at least Vf of a light emitting device falls and the component excellent in 
luminous efficiency can be realized. Moreover, the permeability in the purple by which it is characterized - a green [ a 
nitride semi-conductor light emitting device ] wavelength region is good. 

[0022] Moreover, even if the permeability in a purple - green wavelength region is good and makes thickness of the first 
layer thin further as mentioned above, since there is this second layer, the oxide thin film of the conductivity which 
contains a kind at least chosen from the group which becomes the second layer from Zn, In, Sn, and Mg has the advantage 
that resistance of an electrode does not go up. 
[0023] 

[Example] Hereafter, one example of the light emitting device of this invention is explained based on a drawing. Drawing 3 
is the top view which looked at the light emitting device of this invention from the electrode side of p layers, and drawing 4 
is the typical sectional view showing the structure at the time of the alternate long and short dash line shown in drawing 
cutting the light emitting device of drawing 3 . 

[0024] The buffer layer 2 which consists of GaN on the silicon on sapphire 1 of 2 inch phi using a [example 1] MOVPE 
reactor 200A, The barrier layer 4 of the single quantum well structure which consists of 4 micrometers and non dope 
In0.2Ga0.8N n mold contact layer 3 which consists of an Si dope n mold GaN 30A, p mold contact layer 6 which consists 
of 0.2 micrometers and a Mg dope p mold GaN p mold cladding layer 5 which consists of Mg dope p mold 
aluminumO.1GaO.9N is grown up in order by 0.5-micrometer thickness. 

[0025] Furthermore, annealing of the wafer is carried out at 600 degrees C in nitrogen-gas-atmosphere mind into a 
reaction container, and 5 and 6 are further formed into low resistance. [ p-layer ] A wafer is picked out from a reaction 
container after annealing, the mask of a predetermined configuration is formed in the front face of the p mold GaN of the 
maximum upper layer, etching is performed from on a mask by the etching system, and as shown in drawing 2 , a part of n 
mold contact layer 3 is exposed. 

[0026] Next, the mask on p layers is removed and Pd is mostly vapor-deposited as the first layer 10 on the whole surface 
by the p mold GaN layer [ of the maximum upper layer ] thickness which is 20A. The first layer after vacuum evaporationo 
had become translucency clearly, to silicon on sapphire 1, was transparent and has been observed. Thus, a current can be 
extended to homogeneity at p layer of the whole by [ of p layers which exposed the first layer ] forming in the whole 
surface mostly, and since it is moreover translucency, an electrode side is made with a luminescence observation side. 
[0027] The pad electrode 13 containing Au and nickel for bondings is formed in the corner of the first layer by 2- 
micrometer thickness after the first layer 10 formation. In addition, this pad electrode 13 is not translucency. 
[0028] The second layer 1 1 which consists of ITO on the first layer 10 is vapor-deposited by 500A thickness after pad 
electrode 13 formation. 

[0029] After forming the pad electrode 13, the n electrode 14 which contains Ti and aluminum in n exposed layers is 
formed by 2-micrometer thickness, finally it heat-treats above 400 degrees C with an annealer, and an electrode is made 
to alloy. In addition, since the electrode of the translucency which consists of the first p-layer layer 10 and the second 
layer 1 1 by annealing is in the condition of having alloyed and harmonized completely, at drawing 1 , it does not dare 
indicate the electrode on the front face of the maximum to be the second layer 11, but a sign called 10+11 shows in the 
semantics of the first layer + second layer. 

[0030] The wafer which formed the electrode in n mold contact layer 3 and the p layer contact layer 6 as mentioned 
above When cut in the shape of [ of 350 micrometer angle ] a chip, and paste up with a leadframe, wire bond of silicon-on- 
sapphire side 1 of the luminescence chip is carried out, mold is carried out with an epoxy resin and it considers as an LED 
component, it sets to If{forward current)20mA It was 460nm in Vf(forward voltage)3.4V and luminescence wavelength, and 
the radiant power output was higher than LED of this structure which has p electrode of the translucency containing 
conventional nickel and conventional Au about 30%. 

[0031] In the [example 2] example 1, when form in the first layer 10 by 20A, and In 203 was formed in the second layer 11 
for nickel by 500A thickness and also the LED component was obtained like the example 1, in If20mA, the radiant power 
output was almost equivalent to the thing of an example 1 Vf3.5V. 

[0032] In the [example 3] example 1, when carried out the 10A laminating of 10A and the nickel for Pd to the first layer 10, 
and Sn02 was used for the second layer 1 1 and also the LED component was obtained like the example 1, in If20mA, 
Vf3.4V and a radiant power output were also almost equivalent to the thing of an example 1. 

[0033] In the [example 4] example 1, when carried out the 10A laminating of 10A and the Pt for Pd to the first layer 10, 
and ZnO was used for the second layer 1 1 and also the LED component was obtained like the example 1, in If20mA, 
Vf3.5V and a radiant power output were also almost equivalent to the thing of an example 1. 

[0034] In the [example 5] example 1, when carried out the 10A laminating of 10A and the Rh for Pd to the first layer 10, 
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and MgO was used for the second layer 1 1 and also the LED component was obtained like the example 1, in If20mA, 
Vf3.5V and a radiant power output were also almost equivalent to the thing of an example 1. 

[0035] In the [example 6] example 1, when carried out the 10A laminating of 10A and the Ru for Pd to the first layer 10, 

and In 203 was used for the second layer 1 1 and also the LED component was obtained like the example 1, in If20mA, 

Vf3.5V and a radiant power output were also almost equivalent to the thing of an example 1. 

[0036] In the [example 7] example 1, when thickness of the first layer 10 was made into 200A and also the LED 

component was obtained like the example 1. although it was Vf3.4V in If20mA t since the translucency of the first layer was 

lost a little, the radiant power output declined about 20% compared with the thing of an example 1. 

[0037] 

[Effect of the Invention] As explained above, the light emitting device of this invention can be formed in the front face of p 
layers, and can take out luminescence of a barrier layer outside effectively. And since the electrode is excellent also in 
ohmic nature with p layers. Vf can realize a low practical light emitting device. When the light emitting device of this 
invention is used for LED devices, such as a full color LED display and LED signal and a traffic information display board, a 
low power can realize a bright device and the utility value on the industry is size. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] Drawing showing the current potential property of the various electrodes formed in p layers. 
[Drawing 2] Drawing showing the permeability to each wavelength of the various electrodes formed in p layers. 
[Drawing 3] The top view showing the electrode configuration of the light emitting device concerning one example of this 
invention. 

[Drawing 4] The type section Fig. showing the structure of the light emitting device of drawing 1 
[Description of Notations] 

1 .... Silicon on sapphire 

2 .... Buffer layer 

3 .... n mold contact layer 

4 .... Barrier layer 

5 .... p mold cladding layer 

6 .... p mold contact layer 

10 .... The first layer 

11 .... The second layer 

13 .... Pad electrode 

14 .... n electrode 



[Translation done.] 
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^ 1 ) <fcOte*Pffi»k&**i*JB (fcTF> p»<bt> 

£ a C<DLEDWS«WJ^en*ffi*BlDttJTCi*s-C 
£&C><ETC\ H-MI* 6 n litS £ , pmSiSrSKOW 

[0 00 31 «:M£««JffifflJ<btt£ P»ic«, r£t4JlcD#£ 
St^tiTl^o *fc«*tt»BB*F6 -3 1 4 8 2 2-5f 

[0004] LED«cr>*S»»t**4J:0aS 
TiiAl*St?««. pJBKCSN i £Au*Str*ffi 

[0005] -ecoffe, »b»**f*«:«fl6-ra*«w*4 

£ Ut, Mtt&ftm^-b - 5 5 6 3 1 -^CCteggftXX, 

S«(C^ ? h5 W4»r ^ t y ^ - K-^Lfc 
i (i nsul ater)S ©fif tty^MW &Cff£j#T £ &> ~? 

■TSMfrCttttC*. *fc»H¥5-3 1 5 6 4 7^ 
«HipJBK:»j5K-r*W*Hr***iLrAs, Au, p 

p 3["C«& < M I S HI jgOJfeMMR^F-© i ItCAu ^ffi U 

[0006] 

[*W**«fcLJ:5±-r*SW] pJ»«f£*«fc0*&fiJiR 
D ft^SB Sh-ctp Bficmflfr *WIR:«*»«jar ^ 

*T^£C5ti, #tt*^iLT«fllttpJB©^tt«* 
[0 00 7 ] 



(2) «P«F3 0 0 9 0 9 5 

4 

0 i tfrhtaZ nWtfiJBtfi 3 

[0 0 0 8 ] 5 6<c4cAmoflWr». S&— <D®<DJKJ1 
#5 0 0* hn--A«TT*Sci*«Fatt 
£ e 5 0 0*>WF A«TOffll/5Ccrtitf . S&— 

[00 09] */c. SI— (N i ) , 
(Pt) (Pd) . o^A (Rh) , 

(Ru) , (o s ) % >r a (i 

r) <fcDa-S«3^6afR3n^tt< it— «€r*tf# 

*/ctt^ttpMH£#*L^*--5 y?mt&f>mb 

/c«Pd*pB£S-rSfflatcrS<b, 3eccSf*Ll^ 

20 [0010] £/c, *»w-cw. mz:<z>®#ffi$S (Z 
n) , -O^A (In), *X (Sn) , 
A (Mg) «fc9fc*«a>6i«R3nfc**< <b4>— 

O, 111,03, SnO„ I TO ( I niSni (DWtit 

[0 0 1 1 ] **w<D^Be*-T-5c*>c»r, ffl— <DB, ** 

£o *T£0<tt5 0 0:*>y* hn-A <0. 05m 
m) «T, 3*>&Cjff£ L< »2 0 0^>W hO-AK 

[0012] p WDISi ^«^ita*tt 

^CN i , Pt, Pd, Rh, Ru, Os 4 Ir 
fct*&^ttp»fc»*lA>:*-3 »^8*Wf»6tl, * 

rfe^vC N i *yJ:tf/S/t»P d%P»<fcJ£-J"SWKc 
T^£, Iffctt*»»J:0 ftSRJtJR^a 6 0 nm- 
6 5 0nm#fi, l<[i380nm-5 6 0nmO 

so flatirfcik SW«JB©*»^, «ec««*a&wr 



C3) 
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[0013] iff- <om\tm— ©»©±ccjBfiSL/r, n& 

*OSS#£>a#. 1$^l<(iZnO, ln 2 0 3 , 
SnO,. I TO ( I n£Sn<Z>ttfbW) , MgO?t 
^ti^Zn, In. Sn, Mer^F©BMt«J*$tffitS: 

ft*. 

[0014] **WO«t«fliMOVP E 
StfBjffiftS) , HDVPE ("5 4 FfttfBJ&Bffi) . M 
BE <*HF*KWB*fiffi) . MOMBE (IHttl^ 

a o Sfi5Cttf7 7Y7 (A 1 ,0,) , ZnO, Xt^ 
;U (Ms A 1 2 0 4 ) , SiC, Si, GaNWfflC»6 

-j»W(C»"9-7 7-f7, SiC^6*i4C 20 
&**3»ir>. flBMBSiOTB* S*^CCn^cD±«:p® 
^SiLt pJia^3lffi<t&aJ:5Cc«Jll,-C, C(DI 

p-n«***-r&^o«ift, p-i-n«6**T 

¥SW*tt % mWS i , Ge, Sef0Kt^«« 

TN&a. W*.tt* MOVPEffi^t7^-feP r ^-T> 30 
J?*b<B, 4 0 0"CfcLbTr^-y>y«iH*tli 

[0015] 

[fpffl] HlWp»Cc»J«Lft:S««S<D«««EE«Ftt 
**Ty77t*5. *f*Wtc, pJBOiCcjJtfcas^a 40 

[0016] 

B : m— tOWcRh*4 0*>y^hP-A<DlHWCJg 50 



*S1*3 0 0 9 0 9 5 
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C : 0— (DUtCPd^ 1 0^>yx KU- A, m-IlCOJl 

D : m— CDH^CPd^r 1 0^>^^ ho-A, mr.<DM 

E : fg— CDSCCN i £6 0:*>^X ha- A. ^HCDJl 
tCAu^:2 00t>^hn-A ©JR/rCT&HE U /c^^c 

[0 0 17] muCm-rX^tC. Pd (A) BpJ1<J:« 

A*0«*ttPd©IIMWf< &*i«tta»£* 'J>3 < 
&£tefp]CC£>£ 0 --7?, Rh (B) B— lfi*-5**tt 
B^TtCDO. ffeCDA, CD, E*Cj±^T&Mffit/W* 
#l»o WftORu, Os, I r^(D&&l£<D5E3RBB 

d, nacczno^esucms (c) % ma—mm 

GCPd, ZJBBK 1 n.O.fcJgfiSOfcWi (D) 4>JifrF 
v ^j£84£^L,-COS 0 c©«rajB»n»a* 
I TO, S n d t fcliM g O £ 1 1 fcHfit* o fcO 
tSBSt^o ngCcNi, rJlB{CAu*JgjaEU 

fc«ffi (E) Bm»^C3f— 5 7^SM«^LTC»««sj8 
j8$*«^, ctiBtftCcifc^a. sr^ttftCBB 
UTIig- JSgtCN i , P t *fl5EEbfc«ffifeE»£EI 

[0 0 18] */cH2BS«ffi©aHI**^"**fe©'C* 

aa*. se*©N i -au^is (e) »fl{bW¥« 
m@c, dos»$»e tetter ^RSUcffittr^ao 

a e Sfc. m-JlBCC(D^ftecoa^cD7c^P t % R 
u, Os, I r^<D^*J:g&aabte14«ffiBA. BiK 

[00 19] p»*«»ffl&"rS»jfc**"CB, PiJC 
<D J: t » A£t£0£HflMU: 0 tt « IS— OJl t , ^il^cD 

Bi^±-rao 

[0 0 2 0] ^6^C, (DHCT)^^5 0 0t>^ 

©i^Mt^tii^-c^w, m—<Dm<Dmm&xm 

{c«<rac<bCCJ:«9, mffiOp»tc»-ra^-XJSK 
JteSMrSltc**. #*IBrBaB8ft3WI»C* 
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[ 0 0 2 1 ] 5 6K V 31— <DJt&CN i , Pt 4 Pd, R 
h, Ru. Os, I r ^D^C^gf^63ltR^n/c^< 

[002 2 ] * fc. ffT^OJlCC Z n , In, S n , Mg 

#n<. sect, m— (Dm<Dmmzm< utfc, ccds 

[0023] 

immmi bit. Hffi**tc**wo»**^o— 
m«w^6>a/c^ffiia-c*D. a 4 »ia 3 

[0 0 2 4] [UttOTl ] MOVPEBaSKKffl^ 

?7t12*2 0 0*->^X ho- A, S i K-^nS 
GaN<fc«3tt£nSS:3>** hl3^4^m, -/>K- 
n0.2GaO.8Ncfc»3&-5*— a-T-#F«iSOtSttJB 
4*30*>^ha-A, Mgr K-^pfflA 1 0.1G 
a0.9NJ:tftt-5 p£J^ * FJB540 . 2 Aim, Mg 
F-^pSGaN±OtcS P a3>5»i7H6«:0. 5 

[0 02 5 ] ?6CC^^-^-^rJgl£g^p^Ccfe^r, 
fiBR3ja»4»T6 0 0 B CT7^- 'j>^U, pI5, 

SfBSS^^KOaU, «Ji»CDpSGaN<DSMtCW 

[0 02 6]^ pS<D±<D^X^£8£*U M_kJl 
(DplGaNIOtil^Itc^- CD® 1 Otlt, P d 

ufcpiawiff^ffitc^flE-rsciccjiD, mss^p/i 

[0 02 7 ] CDJ1 1 0 JfrSflL CDJKDI^SPCC A 
uiNi 5* -r >yffl0^sr FfiSl 3 3:2 m 

[0 02 8 ] K««l 3««», 0O± 



(4) ^3 0 09 0 9 5 
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cc I TO J: *)tj;Z>mr-<Dm lU500t>^hn- 

[0 02 9]^7KS@134MOW^ SffiUcn 
i iA 1 t&^tfnn&l 4^2/ira<Dim 

/su ^ccr^-^a-c4 o o - cja±r»jaa*jS6 
—o® i o i^ziofi 1 1 t&fztezmyt&oinmte'S 

&itl,xmf&—&±te^TcW&trj:^Xl,>Z><D-C. mi 
10 — oa+srzicDJiic^Stt-ci o+i l ti^flh^-c 

[0 0 3 0 ] J^±©<=fc MCOt:, nM^>^^hJ13<h 
p@^>^>7 hH6 iCcaffiSJKftEOfc^*-^^*, 3 
5 0 Mmft0?7^K«cWKl/. ^<Dmt* v r/<DVv 

t ^ r ism i s - k 7 u - a t s t o , 

> FU x^+^I«-^ F L t L E Dfi^ i O/c 
<tC^, If (JHEfrfijSSIO 2 OmACCte^T, Vf 
(JRfrlajmBE) 3. 4 V, 6 0 nmr&O, 

20 StSHflHOLEDiH, «3 0%il^ofc. 

[0 0 3 1 ] [SiSfc#l2 ] SUfetfl 1 Gctel>r, IS — <OM 
10JCNi^20t>^hP-A, HC I 

n 2 0,%5 0 0 t> W h P - A<Dift«t^fft 

f 2 OmACCtelvt:. Vf3. 5 Vr^W^tt^ttW 

1 cd ^>cd i aara^f-cft -o fc. 

[0 0 3 2 ] [I6»«3] 36W«i«:*ji^t % *— 
10tCPd*10t>^XhP-A 4 Ni5:10^>y 

30 (^ttwi £ra«curLED*?*»te&c*, if 

2 0mAm^ Vf3. 4V, **U**>3ltS« 1 

[0 0 3 3 ] [*««4] SSBHWHCfeL^r. »— <D« 

^hP-A»ll 4 ffincDJll 1 JCZ nO£ffll> Effete: 
IHt«l <tra«tCLrLEDJR^-«:»3ffctC6, I f 2 
OmACC^C^T. Vf 3. 5V, $gfcmt) i>m&ffl 1 <D 

[0034] [mmmsi mmMiicto^x. m— <om 

40 1 OKPdSrl 0^>^* hP-A, Rh£10:*>^ 
^hP-ASlL, fgZKDJIl 1 &cMeO*JBt>SfftW: 
iBHWCLtLEDfftflfciCi, If2 
OmAfCfcC^, Vf 3. 5V, ¥&t\tit) bmjfom 1 <D 

[0 0 3 5 ] [HSS096 ] HifiW l tcteu^r, m—com 

1 OCCPd^r 1 0t>yx hP-A 4 Ru€l 0t>^ 
Xhn-AfgJlL, Sg— CDH1 lie I n 2 0 3 3:ffll^ffe 
t«ftWl <tra«CCL/TLED*^F«:»/ciC%, If 

2 0mACC*5l>T, Vf 3. 5V, «*Hi*fe*««l 

so <Di><o± mzmmmh -> tc m 



(5) 



tt¥t3 0 0 9 0 9 5 



[0036] [mmmi ] mmm i ic*si>x. m-om 

1 iPHiJCO-C. LEDfTmiC^. If20m 
A(C*Jli-C, Vf 3. 4VT*ofe*i, 31— ©JlOiSpfc 

^t2 0«/.IITl/fc. 
[0037] 

v ^mchrnix^htctb. v f j&iistiUfflWJft^sB 

LEDf^^U-f, LEDfl^tt. i£S&1if#B#l^1£^ 

[afflcD^m^iftBj] 

[01] P Hftfl^ 0fc«W««©«ift«E9*t4*5* : 
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*T0. 

[02] pJB{cj&RE-S-*««*S©««fitc»-*-*a 

[04 ] SI <Dft**^©*j6«7nT8t5SWrffiH 
[fP9<z>lM3] 
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1 • • 




2 • • 




3 • • 


• • nSn>^ bm 


4 • • 


• -iSteJl 


5 • - 


• • p^^7 ? KB 


6 • • 


• • pS^>^ Ml 


1 0 • 


• • • W — (DM 


1 1 • 


• • • mzLcom 


1 3 • 


• • • F^ffi 


1 4 • 


• • • nelffi 



[0 1 ] 

Y A CD 



[02] 



Y:0.02oA/div 




350 



[H3] 



400 450 500 

26 * (run) 



S50 



[4] 





